Many pathogenic yeast species are asexual and therefore not involved in intra-or interspecies mating. However, high-frequency transfer of plasmid DNA was observed when pathogenic and food-borne yeasts were grown together. This property could play a crucial role in the spread of virulence and drug resistance factors among yeasts.
Many pathogenic yeast species are asexual and therefore not involved in intra-or interspecies mating. However, high-frequency transfer of plasmid DNA was observed when pathogenic and food-borne yeasts were grown together. This property could play a crucial role in the spread of virulence and drug resistance factors among yeasts.
For millennia, yeasts belonging to the genus Saccharomyces have been widely used in preparation of food and beverages. Historically, natural isolates of Saccharomyces species have been considered to be harmless, nonpathogenic saprophytes. However, in the past few decades these yeasts have been found to be causative agents of human infections (18, 19) . How these originally inoffensive yeasts evolved into pathogenic forms is not understood. Paradoxically, one of the reasons behind the emergence of novel human fungal pathogens is the success of modern medical care, which leads to the survival of immunocompromised patients (23) .
Candida glabrata, formerly classified as Torulopsis glabrata, can be found as a commensal yeast in healthy individuals, but it is also a human opportunistic pathogen (9) . C. glabrata is a close relative of Saccharomyces species, and recently it was added together with other Saccharomyces yeasts to the joint Saccharomyces clade (13) . C. glabrata diverged from the common ancestor of Saccharomyces sensu stricto species after whole-genome duplication occurred, and the C. glabrata genome subsequently underwent reductive evolution, possibly associated with the emergence of this yeast as a human pathogen (6, 26) . The widespread use of immunosuppressive therapy, chemo-and radiotherapy for cancer, and broad-spectrum antimycotic therapy has increased the frequency of both systemic and mucosal infections caused by C. glabrata (7) . Candida species are some of the most common bloodstream pathogens in the United States, and a substantial shift in the epidemiology of hematogenous candidiasis to non-Candida albicans species, such as C. glabrata, has been observed recently. Fluconazole treatment may have played a role in this shift (1) . A nationwide survey of candidemia from 1991 to 2000 in Swiss tertiary care hospitals showed that C. glabrata was the major non-C. albicans cause of candidiasis, with an incidence of 15% (14) . C. glabrata was the second most frequently occurring fungus and the dominant non-C. albicans species causing candidal vulvovaginitis in pregnant women in China (25) . In the Flemish population in Belgium the incidence of infection placed C. glabrata third among the organisms identified in symptomatic vulvovaginal candidiasis patients after fluconazole treatment (5) . Vulvovaginal candidiasis is an example of a common mucosal infection that also occurs in healthy, immunocompetent women.
Could intra-and interspecies exchange of genetic material be responsible, at least in part, for the spread of virulence factors from pathogenic species to nonpathogenic species? It has been proven previously that in experimental populations Saccharomyces species can form hybrids and thereby create novel combinations of genetic material (15) . These results suggest that Saccharomyces yeasts have the potential to exchange genetic material in nature, and this view is supported by the fact that several natural isolates are indeed hybrids between different species (8, 16) . It may well be that some Saccharomyces isolates that are human pathogens are naturally occurring interspecific hybrids (4, 17) . However, mating per se has not been observed yet for C. glabrata (12) , and therefore it is not thought that C. glabrata can be involved in interspecies mating. To evaluate the possibility of gene transfer between pathogenic and food-borne yeasts species, we studied possible plasmid transfer between C. glabrata and the Saccharomyces species S. cerevisiae and S. bayanus.
Plasmid transfer from S. cerevisiae to C. glabrata. To develop a potential acceptor of plasmids, C. glabrata type strain Y475 was mutagenized with ethyl methanesulfonate as described previously (15) . Auxotrophic ura3 mutants were selected on plates containing 5-fluoroorotic acid (5-FOA) at a concentration of 1.00 mg/ml. 5-FOA-resistant mutants were tested for growth on a minimal medium with uracil, on a minimal medium without uracil, and on a synthetic complex medium without uracil, and they were checked for the ability to revert using standard yeast techniques. Only nonreverting strains were used in experiments. Plasmids to be used in the plasmid transfer experiment (P158, P159, and P199) ( Table 1) were first transformed into C. glabrata ura3 mutants (Table 2) . Only the C. glabrata mutant strains (Y718 and Y719) which were able to grow under selective conditions when they were transformed by plasmids were used as plasmid recipients in the plasmid transfer experiments. S. cerevisiae strain Y391 was used as a potential donor of genetic material in the plasmid transfer experiment and was transformed for this purpose with the P158, P159, and P199 plasmids. Overnight cultures of C. glabrata ura3 mutant strains Y718 and Y719 were mixed with the same volume (300 l) of overnight cultures of S. cerevisiae plasmid donor strains Y745, Y746, and Y747. On YPD plates 5-l portions of mixed cultures were spotted and replica plated onto the selective minimal medium the following day. Neither the S. cerevisiae plasmid donor nor the C. glabrata plasmid acceptor could grow on minimal medium plates without uracil ( Fig. 1 ), but after a few days small colonies appeared in the "mixed" spots. The frequencies of plasmid transfer between plasmid donor strains and plasmid recipient strains were calculated by determining the fractions of the plasmid recipient strain clones possessing the plasmids based on all of the plasmid recipient strain colonies plated. In the case of P199 the frequency was 1.2 ϫ 10 Ϫ4 . Several colonies (referred to below as "resulting strains") ( Table 2) were checked for their karyotype patterns, the presence of exchanged plasmid, and the ability to lose the acquired plasmid. Chromosomes were prepared as described by Petersen et al. (20) and were separated by pulsed-field gel electrophoresis using a five-step program, as follows: step 1, 240-s pulse for 6 h; step 2, 160-s pulse for 13 h; step 3, 120-s pulse for 10 h; step 4, 90-s pulse for 10 h; and step 5, 60-s pulse for 3 h. The angle was 60°, and the potential was 150 V (4.5 V/cm). All but one of the resulting strains exhibited the same karyotype pattern as the C. glabrata plasmid recipient ( Fig. 2A) . Thus, C. glabrata cells acquired the plasmid from the donor S. cerevisiae strain. The karyotype of Y732 displayed both S. cerevisiae and C. glabrata sets of chromosome bands, but this strain was later shown to consist of cells of both parents. The presence of a plasmid in C. glabrata recipient strains Y718 and Y719 was confirmed by PCR with total DNA isolated from strains resulting from plasmid transfer (designated strains Y727 to Y732) using primers Amp r 12.01 (5Ј-CAA ATA TGT ATC CGC TCA TGA GAC A-3Ј) and Amp r 12.02 (5Ј-GTA AAC TTG GTC TGA CAG TTA CC-3Ј). For amplification of the plasmid ampicillin resistance-encoding gene, the following conditions were used: 94°C of initial denaturation for 3 min and then 35 cycles of 30 s at 94°C, 1 min at 55°C, and 1.5 min at 72°C, followed by 72°C for 3 min. Total DNA from Y718 and Y719 served as a negative control. The possibility of plasmid loss from strains resulting from plasmid transfer was tested by growing these strains under nonselective conditions. The resulting strains were grown overnight in liquid YPD medium, and then the cells were spread on solid YPD medium. After 3 days colonies were replica plated onto minimal medium without uracil. Only the colonies which had not lost the plasmid could grow under selective conditions. The percentage of the P199 plasmid lost from C. glabrata strain Y729 was 84%. In conclusion, C. glabrata indeed acquired the plasmid at a relatively high frequency when it was grown in the presence of S. cerevisiae cells.
Plasmid transfer from C. glabrata to S. bayanus. C. glabrata strain Y760 was mutagenized with ethyl methanesulfonate and selected with 5-FOA. Double mutant Y765 was transformed with URA3 gene-containing plasmid P157 (Y784) or P159 (Y781 and Y782) and was used as a C. glabrata donor of genetic material (Table 2) . A food-borne yeast species belonging to the Saccharomyces sensu stricto group, S. bayanus (Y244), was chosen as the potential plasmid acceptor. Plasmid transfer experiments were carried out as described above, and prototrophic strains were isolated. Plasmid transfer frequencies were calculated; for plasmid P157 the transfer frequency was 2.2 ϫ 10 Ϫ4 , and for plasmid P159 the transfer frequency was 1.6 ϫ 10 Ϫ4 . For several strains chromosomes were separated by pulsed-field gel electrophoresis using the program described above, and all of the strains tested exhibited the S. bayanus chromosomal pattern (Fig. 2B) . Thus, S. bayanus cells acquired the plasmid from the C. glabrata donor strain. The presence of the plasmid in S. bayanus plasmid recipient strain Y244 was also confirmed by PCR when plasmids were first isolated from the strains and rescued in Escherichia coli strain XL-1 Blue (laboratory designation, P311; Stratagene) (24) , and then the plasmid tetracycline resistance-encoding gene was amplified with gene-specific primers Tet r 11.27 (5Ј-AGT GCC ACC TGA CGT CTA AGA-3Ј) and Tet r 11.28 (5Ј-GTT TGC GCA TTC ACA GTT CTC C-3Ј). The following conditions were used for the PCR: 94°C of initial denaturation for 4 min and then 35 cycles of 40 s at 94°C, 45 s at 54°C, and 2.5 min at 72°C, followed by 72°C for 5 min. In conclusion, S. bayanus also acquired the plasmid when it was grown in the presence of C. glabrata cells.
Concluding remarks. Although sexual activity (zygote, G 1 arrest) between C. glabrata and S. cerevisiae cells has not been observed previously, we observed a relatively high frequency of transfer of genetic material between these yeast species. The mechanism(s) for this transfer is not clear. Previously, DNA transfer between bacteria (E. coli) and yeasts (S. cerevisiae and S. kluyveri) was reported as transkingdom conjugation (10, 11) . In our experiments recipient species could have picked up plasmid molecules released by the donor strains through cell lysis, or the plasmid transfer could have resulted from cytoduction. In addition, despite the "asexual" nature of C. glabrata, a potential cryptic sexual life cycle (27) could promote rare interspecies mating. The transfer observed could allow the spread of virulence factors and resistance to medical drugs even between distantly related yeast species and could probably help in the "transformation" of harmless saprophytes into potential causative agents of human infections.
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